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(57) Abstract: A light-emitting device including a semiconductor light-emitting element and a fluorescent substance for converting 
at least part of the emission spectrum of the light emitted from the semiconductor light-emitting element is characterized in that 
^ the emission spectrum of the light of the semiconductor light-emitting element lies at least in the ultraviolet region and in that the 
fluorescent substance is prepared by adding a red light-emission activator to the parent material of a blue light fluorescent substance. 
Therefore the color tone variation due to the variation of the emission spectrum of the light from the semiconductor caused by the 
QO variation of the excitation spectrum of the fluorescent substance is improved, and the light-emitting device emitting light with high 
luminance and excellent color rendering properties is produced at high yield. The light-emitting device can be used as a light source 
used for illumination, such as an illuminator for medical care or a flash light for copying machines, and required to have color 
rendering properties. 
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25 is^a^^-- MiBiHi^^bTMiBu - ^nmtm^ummo&mm^z 

1 4 i&ft5„ MfE3£Jtg&te#ufBlfc£3A y S>©£ffiffijfr 6> ^ I/XJSJPX 
tt#GU:U ^b^##^#6n-5o £&BGSBU - HM 3 ©^®fc:fci:N 



WO 03/092081 PCT/JP02/04179 



23 

d©«k < 5fcbT«l^$nfc/ , ?y^— ^©DfllBrtfc, Ag-Sn^HTLED 

/I y ^— ^oafifBJKM^ &«tH*tifc# U - HII 3 i^^tiA g «7-f ^ 4 

5 MSHIIittTSrCO,, H 3 B0 3 , Eu 2 O s , MnC0 3 > 

NH 4 C 1 (S r o. 90 , Eu 0 . os> Mn 0 . 05 ) 2 B 5 0 9 C 1 <Dm.j8.lt t 
i^tS. fcfcl, NH 4 C ltem.f&lk<Dti:&&.\ZttV2mm 
£tt&tT©^$?£L-^ (SrCO s :265. 7 g, H 3 BO 3 :309. lg, 
Eu 2 O s : 17. 6g, MnC0 3 : 11. 5g, NH 4 C 1:10 6. 9g). 

io ±mmn%nmv#-)\'$)i'm<Dm&mz&^x$ttT*%ft\zM&Tz>o z\<d 
i^ss i c, is^ks 7)v$.'ftsLa<Di#mizmiib. n 2 , u 2 <Dm.7tmmm< 

ff^T5 0 Ot/h rTl 0 0 0T;;£T#zSU fiMSP 1 0 0 OtTSPt^M 

ts, t#e>nfe^fp^7jc4>TW, a«u 7K#g, ft»UT@«© 

J£#U : 1 : l©fd^TS^^nfci§?St&8l^bTOT«E$nfca^?ft*, LED 

fy^i«^nfc;vy^5^2 o ox;<DW.m\zm&-£nfct— ?—±\z 

M b fcttfll TtufB LEDt"7^1 ©SI® & «fc A° y - 5 IH8B F*3S± 
T^k— >y*T£o — SSfflfcifcfibfcft, 3 0 O'CcD^T^IK^n 

7 swrsn/t— y h 6 \zTmftwn&%$±isi'— j±m&&n^2£ytmm 

25 ^ttt:t>mxu§, 

£0«fc5fc3Sftg«©6&&affcJ: (x, y) = (0. 3 2 9, 0. 2 7 1) O 
6itt§:i^f5. ^M$«2OmA0W2 5. 2m/WT$ 
Jfc«E091©5Bftff££l 0 0%£T3£4 0 0 nm®iil:J:§»J 2 © 
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/BV>fc3&3fcMraa* (x, y) = (0. 3 3 0, 0. 2 7 2) £T 

JtWlI 1 • 

*f&m<D&ytmmzfr%.T, mv&m&ft-rrcfti.zmyt&tfit&nB aMg 2 

Al 16 0 27 :Eu, ^©BaMg 2 Al 16 0 27 :Eu, Mn, *fe©Y 2 0 2 

mmm 2 . 

iS^AT (S r o. 94 , Eu, 05 . Mn 0 . 01 ) 2 B 5 0 9 C 1 <D®.j&tt£te2>& 

o\zwm. u^zwknmmi tmmizvxftytmw&Mj&Tzt* 

mW (x, y) = (0. 2 10, 0. 10 3) tteSfiW^Sn*. 
mmt2 0mA<Z>M&T2 3. 9 1 m/WT*£.Jt«m 1 0 0% 

i:t5i40 0 nm(D®miz£&nMM2<Dm%mW-em$)2 0 6K£fc5. 3 

10 5) t*rSHt^T?€r5B^»fttt*?Jl 3 9%<h&£o 
^JSF!l 3 . 

^lOf^ftSC^^T, »SrCO a , MnCO 3 0Eu 2 O 3 (Z) 
m*%Z7LX (S r o. 92 , Eu 0 . 05. Mn 0 . 08 > 2 B 5 0 9 C 1 ©fcjfcjfc£fe*«fc 

stum* n&rz&MznffiMi £mn\zVT&ytmw&Bf$-?z>£* 

9ifi (x, y) = (0. 2 8 4, 0. 2 1 0) ^^S-SW^StlS, ^Ta^^t 
»«2 0mA©Ilt2 4. 7 1 m/WT^^.]tWl 1 1 0 0% 

tt§t40 0 nm<D®miZ&zm&m3<D5&yt&m~?fe$3 2 1 3 3 
6 5nm(Dmm\Z&%>mytmWTfe&&mU& (x, y) = (0. 2 8 5, 0. 
2 12) £TZZ.£iPVlSf£%Mm*tol 4 4X£&*. 

HJg^l 1 ©StftttKtefcHT, »SrCO a , MnCO s RtfEu 8 0,0 
a£^T (S r o. 85 , Eu 0 . 05 , Mn 0 . i 0 ) 2 B 5 0 9 C 1 CD 
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(x, y) = (0. 3 7 4, 0. 3 2 1) <hfo£fef§#n#£>n3 0 
&*f£2 OmA0liTf2 6. 1 1 m/Wt*S. Jt^J 1 (D^KUm* 1 0 0% 
tf§i40 0 nm©Jg|jeK:«fcS^«5^J4 0^^BT?tt*?l2 2 5%,h&£o 3 

6 5 nm©iaSfc«kS^S«*t?«6^S* < x - V> = (0- 3 7 5 > °- 
5 3 2 3) it5 i: i*«T?*583W*ttft 1 4 8 X 
H «J 5 . 

^IJfi^J 1 CE>m^%fl JC&ViT* »SrC0 3 , MnCO 3 Mu 2 O 3 0) 
fi£^*_T (S r o. 92. Eu 0 . 03. Mn 0 . 05 ) 2 B 5 0 9 C 1 <D®.l&lk£teZ>& 

10 9ifi (x, y) = (0. 3 1 4, 0. 2 6 3) tft5fe«^#6n4. %Ltz.5%% 
1&m%2 OmA©Ill!2 4. 4 1 m/WT?&<5« Jttfctfil 1 ©5S3tWS* 1 0 0% 
if|,i4 0 0 nmOJi!rjB^«fcS*aS^5©5S^fe«-Ctt#9 2 1 0 3 
6 5 nm-Oieil (x, y) = (0. 3 15, 0. 
2 6 5) fc"r*dfctf«T?*»3fc**tt»l 4 0%£fcSo 

15 HSS0U6. 

^Jfi0!ll©^#JHfc*ViT> »SrC0 3 , MnC0 3 Mu 2 0 3 © 
*&**T (S r o. 85 , Eu, 10 , Mn 0 . 05 ) 2 B 5 0 9 C 1 ©fil*JtfcfeS«k 

«#* (x, y) = (0. 3 3 7, 0. 2 7 8) £ife:568ii##5ns. icfcSBft 
20 $&mU2 0mA©K»rz?2 5. 8 1 m/WT&5.Jt^J 1 1 0 0% 

tt5t4 0 0 nraOieiliS^J 6 OM^STttH 2 2 2%tfeZo 3 
6 5 nm©i!iiia-5MgIt«fiSi^^ (x, y) = (0. 3 3 8, 0. 
2 8 0) it5C<h^T"fMS^l 5 0%£fcZ>o 

rnmrn i . 

25 H^LTCaCOj, H 3 B0 3 . Eu 2 O a , MnC0 3 > NH 4 ClS:ffl^ 

(Ca 0 . 90 , Eu 0 . 05 , Mn 0 . 05 ) 2 B s 0 9 C 1 <2m/&Jt£&5 <fc 5 fcMk 

CaC0 3 : 1 8 0. 1 g, H 3 B0 3 : 309. lg, Eu 2 O s : 17. 6 g> 
MnC0 3 : 11. 5g> NH 4 C 1 : 106. 9g 
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^I^SiC, 53S> 7;V5^ft£©Jtf«fc:tS«>, N 2 , H 2 <D3t7G#ffi^ 
^50 O^/h rtlOO Ot:tT#fil, ®i&*B 1 0 0 0tT3P#FW 
•T^o #6tl/c^p a 0 ^7K^T)^#. #ifc> *3L «*L tt*bTBW© 



(x, y) = (0. 3 1 8, 0. 2 4 7) <D&M tT2> Z. 
£fc^5«te2 0 mA<DlE»re 2 3. 51 m/WT&£o it^J 1 ©3Sft»fiE 
SI 0 0 % tt5 i 4 0 0 nmCigiaS^J 7 O^ggt^ 2 0 2% 

3 6 5 nm©BiBIC«k«5fi^MT?»*6*Jfi** < x « y> = (0 - 3 
2 0, 0. 2 5 0) t'TZ>Z.£ifi'V&&%MmZ1ftl 3 2%£&5„ 

0 3 ^il/fet)^5^ S r CO 3 0»DtMgCO 3 ^i:UTtffl 
b ±|Bt^©^^«fcO (Mg 0 . 9o» Eu 0 . 05 , Mn 0 . 05 ) 2 B 

5 o 9 c l^iSiiWf, ra#K:5fi^«K:ttffl'^*^t*«'r#s. 

8 . 

nffiM7 (D&ytWimz&^T. I^OCaC0 3 , MnC0 3 , R^Eu 2 0 3 
©*ft«AT (Ca 0 . 94 , Eu 0 . 05 , Mn 0 . 01 ) 2 B 5 0 9 C 1 ©fI/&J£<b&& 

081** (x, y) = (0. 1 9 0, 0. 0 9 1) 601**1* 5*1*. £fcfi§ 

«lW2 0 mAODggSrr 2 1. 8 lm/Wtfe§. ftt^il 1 O^ff g& 1 0 
0%it§i40 0 nm©ai@fc«fcS^«fif!l8 0S6^*'Tf«#Sll 8 8 
3G 5nm<D®m\Z&Z¥£ytmWT*\Z&mmm* U, y) = (0. 19 1, 0. 
0 9 2) tt§Cim^j|»12 4%^§. 

mmm 9 . 

?mm7 (DnytMKte&KT. I^©CaC0 3 , MnC0 3 , R^Eu 2 Oj 
©i^^^T (Ca 0 . 92. Eu 0 , os» Mn 0 . 03 ) 2 B 5 0 9 C 1 <DtiL&ltt.l3iZ> 

Jffi«>&* (x, y) = (0. 2 6 3, 0. 1 9 3) £&5-&W#*»5ns. 
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%%>m*2 0mA(D|gS!iT2 2. 9 lm/WTf&£. )AMM 1 ©SSftJS&S 1 0 

3 6 5 nmOlECi^mitftMII^ (x, y) = (0. 2 6 5, 0. 
19 5) £f 5 2l£#"C*#3fc»fttt*U 3 9%£&3„ 



3feJfrW7©St3MMlK:^T, Hi®CaC0 3 , MnC0 3 , RtfEu 2 O a 
©S£^*.T (Ca 0 . 85 , Eu 0 . 05 , Mn 0 . 10 ) 2 B 5 0 9 C 1 ©^jti?SS 
J: 5 dim, g-&-r*a^»*H&f9 7 £H«fcbT38ftft«£«Wrafc» 6^ 
jStfft* (x, y) = (0. 3 5 2, 0. 3 0 0) <h&£fi»*# » £7cfg 
LO ^W«2 0mA©8KS&T2 3. 3 lm/WT&3o Itttfd 1 1 0 

0 % tt§ 1 4 0 0 nmOlgCJ; §*1^J 1 0O^it^2 0 l%t.U 
3 6 5 nm0jaiBK:«fc**^« , T?W:fiflEJfiS* (x, y) = (0. 3 5 5, 
0. 3 0 2) tt§i^t^»^13 3% 
H»!J 1 1 • 

15 £lfim©«**Kfc43^T, Ilf©CaCO s , MnC0 3 , RtfEu 2 0 3 

©**3CAT (Ca 0 . 92 , Eu 0 . 03, Mn 0 . 0B ) 2 B 5 0 9 C 1 ©ffij£Jfc£fc* 

MSA* (x, y) = (0. 2 9 3, 0. 2 4 1) £&&-fe»*#&n£o 
3^*«2 0mA©I»T2 2. 2 1m/Wt$S. it&M 1 ©5fi3t»ft* 1 0 
20 0%mi:4 0 0nmfiDi!iei;j;§iWJl 1 ©»^**T?«*9 1 91%^ 
§ c 3 6 5 nmOiiei:«fc-5583tS«T«:fiflfJS«* (x, y) = (0. 2 9 5, 

o. 243) ftzzt&T^mytnmzmi 2 8% 
mmm 1 2 . 

HJfi^7 0Dm^Kt*^T, HC**©CaC0 3 » MnC0 3 , ^Eu 2 O a 
25 (Oimt (Ca 0 . 85l Eu 0 . 10. Mn 0 . os> aB B O g C 1 ©ttffcjfcfcfc* 
.fcSfcittk ^T^^^5£0"!J7<h|t|il^bT^7 , e^«Sr^'r^t. feJt 
0S*« (x, y) = (0. 3 2 6, 0. 2 5 2) t 

)t»3:2OmA0llT2 3. 8 1 m/WT&£o tt«0U ©3lft«£& 1 0 
0%^t4 0 0 nm©®jBfccfc*5tt*«l 2 CD5e3ttMTtt#5 2 0 5 %^ 



5 



mmm 1 o . 
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3 6 5nm0ijet:«t5fS31&Sl"ettfi*fi*S (x, y) = (0. 3 2 8, 
0. 2 5 5) t?Z>Z.£tf'V%5£%:mmZffil 3 6% 

mmm 1 3 . 

I^tlTBaC0 3 , H 3 B0 3 , Eu 2 0 3> MnC0 3 , NH 4 C1£JH^ 
5 (Ba 0 . 90 , Eu 0 . 05 , Mn 0 . 05 ) 2 B 5 0 9 C 1 (DMlttteZ £5 fcSHSE, 

BaC0 3 : 3 5 5. 2 g, H 3 B0 3 : 3 0 9. lg, Eu 2 0 3 : 1 7. 6 g , 
MnC0 3 : 11. 5g, NH 4 C 1 : 1 0 6. 9g 

10 fl^IfiSS i C, S5£> r^^fc N 2> H 2 (D5t7nf?ffl^ 

4>(~T5 0 Ot/h rt9 0 0t^-e#l£l^m9 0 OtTSPtFIMt^. 

#6nfcttj*a*7k+T*&», shj^ »a> #86* *«fc, KiibTiwotM 

15 (x, y) = (0. 3 6 2, 0. 2 8 4) (D&M t^^> Z. 

^M$tt2 0mACDiitl6. 8 1m/wm Jt*fiE0!l 1 ©f83t»£ 
S10 0%it§t4 0 0 nm©jaet«k«)^Jfi^l 1 3 0MgtTtil«ll 4 
5%£&3o 3 6 5 nm©igti;§^Set«MI^§ (x, y) = (0. 
3 6 5, 0. 2 8 7) itS^t^t^lfi|g^9 5%£&£o 

20 H»U 1 4 . 

^,hlTSrC0 3< BaC0 3 , CaC0 3 , H 3 B0 3 , Eu 2 0 3 > Mn 
C0 3< NH 4 Cl^ffl^ (Sr 0 . 60 , Ba 0 . io. Ca 0 . 20 > Eu 0 . 05 , Mn 
o. os) 2 B 5 0 9 C 1 (Dffl.J&tkttSiZ>£5\zmm., 

SrC0 3 : 1 7 7. lg, BaC0 3 : 3 9. 5 g, CaC0 3 : 40. Og, 
25 H 3 B0 3 : 3 0 9. lg, Eu 2 0 3 : 17. 6 g, MnC0 3 : 11. 5 g, N 
H 4 C 1:10 6. 9 g 

i^I^SiC, T)V*jrfr£<oi#to\zmsb* N 2 , H 2 ©5i7E#B^ 

cflCTS 0 Ot/h rT 1 0 0 O^TimU H?M 1 0 0 0"CT3 B#[B|j&j£ 
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-rs. n^nr^mm^y^^mw. mm. #in> **fe* k»ltsw© 

&J&gfci (x, y) = (0. 3 2 4, 0. 2 6 2) (DGLfflfTZ 

^myt^mt 2 0 m a ©rare 24. 31 m/w-c**. twfcfli 1 ©5g3te»K 

SI 0 0%tnt4 0 0 nm©J8&jBK:<k£^iSflll 4©^gftttlSl2 0 
9%£&£o 3 6 5 nmOiigt:il.^itttMJii^ (x, y) = (0. 

3 2 5, o. 2 6 5) h-?z>z.£&~?%mytnmm*ji 4 

*^Jfi^*Ttt, (M,_ x _ y Eu x M' y ) 2 B s 0 9 M" fc*5V>T, MtUTSr, 

Ba, *J:rXCa©3a©^*^a#l$nTfeSm3te«B'»H&ffiffibfe**, Mg, 

ca, Ba, s r©p^e>^<t'bia^3i^snT^n«^<, m$&k&& 

HJfi^J 1 5 . 

mMMl 4(Dmytmn\Z^X, »SrCO a , MnC0 3 , RtfEu 2 0 
3 ©*5r^^.T (S r o. 64 , B a 0 . 10 , C a 0 . 20 , E u „. 0B , Mn 0 . 0 i> 2B 

5 o 9 c 1 <Dm.f&\k£tzz>£otemM. m&-r&sk*wzm&wi 4tmm\zvx 

&m&m& (x, y) = (0. 2 0 3, 0. 0 9 7) i 
fe5fi«*JHen5. *fc»3fe3MStt2 0mA©gKSn?2 2. 3 lm/Wt$S. 
ttteW 1 1 0 0%Wi4 0 0 nm(Dlg[lJ;§il^J 1 5 (D¥£ 

ytmrnX-Umi 9 2%<hfo£o 3 6 5 nm<D&M\Z.&.Z>9t%MWZ\*&&&9 : & 
(x, y) = (0. 2 0 4, 0. 0 9 8) it4Cfc*«T?*583W*li»l 3 4% 

1 6. 

1 4<7)^7 l 6tjK^*5ViT, IM0SrCO 3 , MnC0 3 , RtfEu 2 0 
3 (D*£^X.T (S r o. 62 , B a 0 . 10 . Ca 0 , 20 , E u 0 . 05 , Mn 0 . 03 ) 2 B 
5 0 9 C 1 ©fi/fcJttfcfcckSfciiak ffl^TSEtfrn^JiSfll 1 4 <hm$fc:bT 

mtmm&j&ifc-rzt* &mmm& u. y) = (o. 275, 0. 201) t 
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vmmi<n$£y£W&.&i o o%t-r&<£:4 o onmcDmmz&zmffiMi §<om 

^IT«»2 0 4%^§. 3 6 5 nmCllia^retTttMi^^ 
(x, y)=(0. 2 7 8, 0. 2 0 3) t~TZ> £ t&x%$£ytMmm 1 3 9% 

5 m-mm 1 7 . 

m&mi 4,<D^^tmmz.^-X. gi©SrC0 31 MnC0 3 , M^Eu 2 0 
3 <£>«£^*_T (S r o. 55 , B a o. 10 , Ca 0 . 20 , Eu 0 . 05 , Mn 0 , 10 ) 2 B 
5 O g C 1 om^Jt^^^cfc^icia^ ^t^^tttlMl 4 ilWUifcL-T 
^g!B£^J&T£<h, (x, y) = (0. 3 6 3, 0. 3 1 3) i 

10 &3£W#&n£o & fcmyt?J}mZ2 0mAcDggWn?2 5. 2 lm/Wtfe^. 
JfrRflll (D^ytng.* 1 0 0%<h-r&<h40 Onm©II>ngK:J;£l»iSI0iJl 7 <Z)fg 
7feSST«l9 2 1 7 3 6 5 nnKDlfrjgl;: 

(x, y) = (0. 3 6 5, 0. 3 1 6) t*t%> Z\ £^T#^jS«.te&I 1 4 3% 

15 §!»J 1 8 . 

mmmi 4<Dmytmn\z^x. »srco 3 , Mnco 3 , weu 2 o 

3©1^^.T (S r o. 62 , B a 0 . 10 , C a 0 . 20 , E u 0 . 03 , Mn 0 . 05 ) 2 B 

5 o 9 c i (DUrfttt izmm, m^-r^&.mtmmmi 4tmm\zvx 
^ytmmz&f&t&t. &mmu& u, y) = (o. 317, 0. 256) t 
20 tzz&mtmzn&o HLtzmymm-&2 0mAcDig®jT2 3. 0 im/wT^5, 
ttmm 1 (Dmytnmz 1 0 o%t-?z>£4 0 0 nm(Difi®cj;§^»ji 8©^§ 
ytmwxum 1 9 8 3 6 5 nm(Dmmz&z>5gytmn-i:te&mMM& 

(x, y) = (0. 3 1 9, 0. 2 5 8) tt^ut^tMlfiDl 3 1% 

25 UlS&^J 1 9 . 

mmmi 4<Dm^M\Z^X. »SrC0 3 , MnC0 3 , WEu 2 0 
3 £>*£^tLT (S r o. 55 , B a 0 . 10 , C a 0 . 20 , Eu 0 . 10 , Mn 0 . 05 ) 2 B 
S 0 9 C 1 ®«jti^-g.j;^tll, m^ZUftfe^ifoM 1 4 ^IHilCbT 

%ytmw*mj$.-?z>t, &mmm* (x, y) = (o. 328, 0. 2 6 9) £ 



WO 03/092081 




PCT/JP02/04179 



31 

fc56«9**#5ftS. &tcmyt$hmt2 0raA©Ilt2 5. 0 lm/WT^§, 
it&M 1 ©Si^MS* 1 0 0 %fTZ>t4 0 0 nm©®jg^J;S^JII^ 1 9 (D$£ 

ytmmxnm2 1 5 xt&s. 3 6 5 nm©iajefc«fcss§^iiT?«6MS& 

(x, y) = (0. 3 3 0, 0. 2 7 2) if* H t^tffl^^ 1 4 4 % 
2 0 . 

Hffi&ftl 1 4CD^^Sfc*5V^T, g^OSrCO,, BaC0 3 > CaC0 3 , 
H 3 B0 3 , Eu 2 0 3< MnC0 3> WNH 4 C 1 Idn^., $&l:Sn0 2 SI 
#4£bTffl^> (Sr 0 . 59> Ba 0 . 10 , Ca 0 . 20 , Eu 0 . 05 , Mn 0 . o5 , S 

n 0 . oi) 2 b 5 o 9 c i (Dm^,itiifsi^^^\zmm. ma>-?z>umt, mmmi 
4tmmizU7:my6mm%:]&j&Tz>t, &mmm& u, y) = (o. 322, 

0. 2 6 1) hfeZ&MfimznZo ^fc^^«2 0mA©|g«jT2 1. 8 
1 m/WT££o )k®iM 1 <D5tytnm& 10 0% tt5 £400 nmOigCct 

%mmffl2 0 <Dmyt^w~cuw 1 s 8%ttzz> 0 3 6 5 nm<Dm&iz&z>myt& 

m-eUteBtM^ (x, y) = (0. 3 2 4, 0. 2 6 3) £T3 £ £#n?#fg 

ym&feftn 3 3%t^^>o 
n«j 2 1 . 

mmmi 4(Dmyt^}K\Z^X, IWSrC0 3 , BaC0 3 > CaC0 3 , 
H 3 B0 3> Eu 2 O a > MnC0 3 , 2&t£NH 4 C 1 IZ1N%.. £ £>K:F e 2 0 3 £ilC 
^tltffl^, (Sr 0 , 59 , Ba 0 . 10. Ca 0 . 20 , Eu 0 . 05 , Mn 0 . 05 , F 

e 0 . 01) 2 b 5 o 9 c i omj&ithuz>&5\zmm. m&tz&fwz. mmmi 
4tmmizvT^ytmm&mi&~?2>£.* temmmw u, y) = (o. 342. 

0. 2 8 1) £f£Z>&mfimt>n& 0 *fc^W»2 0mACDliijt2 1. 9 
Im/WVfcZ. lk%tM 1 l 0 0%tt^t4 0 0 nm(Dmmiz£Z> 

mmm2 i<Dm^mx\tmi 8 9 3 6 snnKD^^^^^Tt^e 

(x, y) = (0. 3 4 5, 0. 2 8 5) tT^Ct^X^myt 

wmtmi 2 1 %ttzz> 0 
mmm 2 2 . 

1 4<D^k^tmW\Z^X, IWSrCO,, BaC0 3 , CaC0 3 , 
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H3BO3, Eu 2 0 3 , MnCO,, ^NH 4 CltJ)D^ S6l:Cr,0 3 Sffl 
V\ (Sr 0 . 59 , Ba 0 . 10 , Ca 0 . 20 . Eu o. 05. Mn 0 . 0 5> Cr o.oi) 2 

b 5 o 9 c 1 ©»tfjfc£fc*«k3fcwsE, sb-m**^^ *««i4tra*te 

'bT3fift£«&^JS*r*i, (x, y) = (0. 3 4 3, 0. 2 7 8) 

fcfc*6fW*»e>n*. SfeM*tt2 0mAOKftT?2 2. 3 1 m/WTf* 
£ 0 JfctStffl 1 ©Sfc^ffffiS 1 0 0%<h-f3£4 0 0nm©l^lC t fc§iI^J2 2 
0^^ifTttl5 1 9 2 % 3 6 5 nm©®jBKJ;5583fcgit"Cfcl6M& 

(x, y) = (0. 3 4 5, 0. 2 8 0) t?2> ZL i#T€r3fcft*£W:#5 1 

nas^i 2 3 . 

^Jfcmom^WRfc^T, -fiftf*5NH 4 C 1 0ii^NH 4 B r \Z. 
S^b. (Sr 0 . 90 , Eu 0 . 05. Mn 0 . 05 ) a B b O,B r ©ftjaJtfcfeS«fc5 
(ill, p-&-r«^«, 36J6«ltR«lfcT*3^Sfi«S^*r*fc, fiSffi* 
# (x, y) = (0. 3 44, 0. 2 9 1) "btl^o 
$}i2 0mACDH1^2 7. 4 1m/WT^5. Jttt^l 1 <Z>3S3fcflfg£ 1 0 0 % 
t?Z>t4 0 0 nm©aiCi§^J2 3©^il^«^2 3 6%<b^§. 
3 6 5 nm©ajBC<fc5»5t««T?tt6ft*** (x, y ) = ( 0 . 3 4 5 , 0 . 
2 9 3) fc^SJlfc#T#SB3te»«tt»l 5 5%£t£Z>o 

*mnMl?fe* HC**£bTNH 4 C 10tiHitlTNH 4 BrlfflU§^ 

tfif5smM*4i:bTNH 4 F^«NH 4 1 ^mm^mzxm^^ ZLtWm&o 
mmm 2 4 . 

fi&U (Sr„, 90 . Eu 0 . 05 > Mn 0 . 05 ) 2 B 5 0 9 C 1 0 . 5 F 0 . 5 (DUJ&it£ 

(x, y) = (0. 3 1 3, 0. 2 5 5) £fcS6fi;&*#5ft£. * 
rc$£%M&fe2 0mA<DmW)-C2 3. 3 lm/WT&£ 0 ttMM 1 ©5iS^3WS& 
1 0 0%£"f S£4 0 0 nm©iit:J;5»12 4©MgttiiU2 0 1% 
i^^o 3 6 5 nra0ag(Cj;5^iiT?«MI^S (x, y) = (0. 3 
1 5, 0. 2 5 7) fcf *E£#-e**3W*J**&l 3 8%£&5o 
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§HJS0!I 2 5 . 

1 ©S^*«C*^T, -HlC*rt?i&*NH 4 C 1 C^iSNH 4 I \Z 
■ftU (Sr.. 90 . Eu 0 . 05> Mn 0 . 05 ) 2 B 5 0 9 C 1 .. , I 0 . 5 <^^it<fc 

&mmm* u, y) = (o. 327, 0. 270) fcftsftn^ens. * 

fc5fc^#te2 0mA©«Sn?2 0. 7 1m/W?*5. Jfcttfll 1 

1 0 0 % tt5 t40 0 nm(D§!)igi£ 2 5 1 7 8 % 
tfcS. 3 6 5 nmOiiiaS^gltlifeSIiS: (x, y) = (0. 3 

2 9, 0. 2 7 1) tt5 ^ t A^Tf ^3H«^ 1 2 0 % 
SIMM 2 6 . 

:|3«fctfNH 4 FlC«ifeb, (Sr 0 . 90 > Eu 0 . 05 , Mn 0 . 05 ) 2 B 5 O 9 Cl 0 . 4 
Br 0 . 3 F 0 . 8 ©*&jfcjfcfcfc*«k5fc»rtk »-&f*«*tt. ^J6«ltR«Kl 
UT^Sl^f^tS^^ fiftffi*** (x, y) = (0. 3 2 6, 0. 2 6 6) 
0filtt5^TO§o SfcM$«2 0mA©giT2 4. 9 1 m/W 
ittt-WlO^JWSI&l 0 0%W^4 0 0 nm©Jib®K:<k5ftli£0y 

2 6 ©3S3fcg1t*TffcJ:#5J 2 1 4%t?5;5. 3 6 5 nmOJi(lie^«k*56^Sff"C«fe 
ftj£*& (x, y) = (0. 3 2 8, 0. 2 6 8) tfSri^f^Jf^^ 

mmm 2 7 . 

fib, (Ca 0 . 90 , Eu, 05 , Mn 0 . 05 ) a B B 0 9 B r ©»J«Jfc£fcS«fc5 

(x, y) = (0. 3 3 7, 0. 2 8 5) fc&*6WW*#&tt*. SfcfSft 
3A4K»2 0mA©KSn?2 5 8 lm/WT^§. Jfcttm 1 0 0% 

3 6 5 nm©lgt«k5^fi?ttfi«iIS (x, y) = (0. 3 3 9, 0. 
2 8 7) ft%Z\£tfT*g5£ytmm$ffir4 7%tt£2>o 

mmm 2 s . 
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lib, (Ca 0 . 90 , Eu 0 . 05. Mn 0 . 05 ) 2 B 5 0 9 C 1 0 . 5 F 0 . 5 ©M/&lt<h 
&m&m& (x, y) = (0. 3 0 8, 0. 2 5 0) iJ5;56W#e.n§o £ 

rcmyt?J)mz2 omA«t2 2.11 m/wti^. jttt^i 1 vmytmrn* 

1 0 0%mt4 0 0 nm<Dmmz£.Z>mnm2 8«»fiDl 3 0% 
3 6 5 nm<2JSbjg&;ick£f£^*TtefiSJ^I£ (x, y) = (0. 3 

10, o. 252) fr^>z\t^-c^^mm\mi 9 o%tr^ a 
mmm 2 9 . 

fit, (Ca 0 . 90 , Eu 0 . 05. Mn 0 . 05 ) 2 B 5 0 9 C 1 0 . s I o. 5 ©a^Jtt 

tez&oizmm. m&r&zxmt. mmM7 tmm\zvxmytmm^m^-r^t, 

(x, y) = (0. 3 2 1, 0. 2 6 4) £&£fefl^#efl§o £ 
fc^mm^2 OraACDllTl 9. 4 lm/WTJ&5, Jfct£#ll 1 (D^nm* 

1 0 0%^r§a:4 0 0 nm(Dmmz£Z>m-mM2 9<D^ytmWXfemi 67% 

3 6 5 nm©iei: iS^SltliMJil?: (x, y) = (0. 3 

2 4, 0. 2 6 6) tt5 c i^tf MgttU 1 1 2 % 

mum 3 o . 

:fe££KNH 4 FlcBIU (Ca 0 . 90 » Eu 0 . 05 , Mn 0 . 05 ) 2 B 5 O 9 Cl 0 . 4 

Br, 3 f 0 . 3 <Dffi.f&ittts:z>£viz.mm. M&-?z>um$, mmm7 tmmiz 

UT^gf^Mt^t, fi^jMI^ (x, y) = (0. 3 2 1, 0. 2 6 0) 
£&56WW*»e>n*. ^Wi^2 0mA©IlT2 3. 8 1m/W^ 
5. JttSE^J 1 1 0 0%tt5i4 0 0 nm©jafiK:<fc£^i60»J3 0 

©fg^l£»TM>2 0 5 %tf3L&o 3 6 5 nm©jajgfc«fcS3gftgS"Cfci:6M 
(x, y) = (0. 3 2 3, 0. 2 6 3) tt§ C i#T#38W*tt*& 1 

3 6 %£f£Z>o 

mmm s 1 . 
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fclfi&l/, (Sr„. 60 , Ba 0 . 10 , Ca 0 . 20 » Eu 0 . os , Mn 0 . 05 ) 2 B s O 
9 B r©fil«Jtfcfc*J;5KLfl«k i^tSK^^PJl 4<hl?iliiK:bT5§7fc 
^fi^^T^xh, fiftffi*** (x, y) = (0. 3 3 8, 0. 2 8 6) 
•feW#e>tl-5>o tr:M$»2 0mA©Iit'2 4. 6 1m/W^§. it 
&0»J 1 1 0 0 % ft Z> £ 4 0 0 nmODHj^fc <fc£^W>J 3 1 <D%% 

mWX*tt.%)2 2 7%<h&3„ 3 6 5 nm<D^mz £3fg^S-rte&i£J^£(x, 
y) = (0. 3 4 0, 0. 2 8 8) £-r&il£^T#f£ft«mtem 4 9%£& 

«#>J 3 2 . 

4 0^^«{C*5ViX, -g^5NH 4 C 1 Of»MNH 4 F 
l£«g|U (Sr 0 . 60 , Ba 0 . 10 > Ca 0 . 20 , Eu 0 . 05 , Mn 0 . 05 ) 2 B s O 

9 c i o. 5 f 0 . 5 <DW.f&it£fez>&o\zmm, m&T&umzmmmi 4^mm 
\zvT&ytmw&Mf&'rz>f &mmm& u, y) = co. 310, 0. 24 

9) hteZ>&mfimt>n2>o ^WS2 0mA©IlT2 2. 9 1m/W 

\mm 1 (Dmytnm* 1 0 o%mt4o onmcDM^cfc^^M^i 

3 2 05^§^«T^1 9 l%t.U%o 3 6 5 nmOigC^^^Sitttfi 
(x, y) = (0. 3 12, 0. 2 5 1) Z\ <h^Tit%ftMm 

&U1 3 3 %£75:£o 
3 3 . 

mmmi 4<Dmytmm\z^x. -ira5NH 4 c 1 o^isnh 4 i 

l:lit> (Sr 0 . eo. Ba 0 . io. Ca 0 . 20 . Eu 0 . 05 . Mn 0 . 05 ) 2 B 5 0 

9 c i o. 5 1 o. 5 <omi&ik£.f3LZ>&5iz.m&, m&?z>&>tv^ mmmiitm 
mizLxm^m^Mt^t, u, y) = (o. 320, 0. 2 

6 4) ttzz&mfimznzo %.tz.mmhm*2 omP,<Dmmxi 9. 91m/ 
wt*^§, jtwdi (Dmytmm* 1 0 0 %£-r££4 0 0 nmommz^^mm 

M3 3 (DZtytmWXim 1 7 l%<h&£o 3 6 5 nm©S!ijgK:<fc£f§^e-m 
(x, y) = (0. 3 2 2, 0. 2 6 6) t,t* - h&Xl*%%mm 

\*mi 1 6%£&&o 

l»J 3 4 . 
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1 4®t»«mC*^T, -H^5NH 4 C 1 0-«5i*NH 4 B 
r*3<fctfNH 4 FfcfiifeU (Sr 0 , 60 , B a 0 . 10 , Ca 0 . 20 , Eu 0 . 05 , M 
n 0 . 05 ) 2 B 5 0 9 C 1 o. 4 B r 0. 3 Fo. 8©*&fcJtfcfcS«fc'3fcilS&» M^rTS 

mmmi 4tmm\zvx^mm^m^t^t, &mmmz u, y) 

5 =(0. 320, 0. 262) (D&M ft * SfcM^tt2 0 

mA©Sg!fjT24. 3 1m/Wefe§o ft«Efl 1 1 0 0 % L~?2> £ 

4 0 0 nm<DMmz&&mMM3 4 O^fttti^ 2 0 9 3 6 5 n 

m©giiefc<fc38ftg«T«6aj&K§ (x, y) = (0. 3 2 2, 0. 2 6 4) 

10 ^mmmxu, -m& (m,^eu,m' y ) 2 b 5 o 9 m" c*ut, m" k 
15 mmm 3 5 . 

HJfi^il 1 \Z$$^X&mmffitt&. (Sr 0 , 90 . Eu 0 . os , Mn 0 . 05 ) 2 B 5 0 
9 C 1 mft#:<h, ©m^»KiUT±BBLED5 i y^l©iaje^C«k0i&fi 
fc^-r^^t^^S r A 1 2 0 4 : Eu^t*JI^«SnT&«i 

ftttM$ni)^ii> n»ni tf^«i^uT^s«*^-rst, fig 

20 (x, y) = (0. 3 2 5, 0. 3 3 3) £fc£fiBlia*#SnS. £fc3§ 

^»«2 0mA<Z)IK«jT 3 2. 11 m/WT&£„ Jt^J 1 (DfB}ttB&£ 1 0 
0%hT2>£4 0 0 nm<Dmm\Zj:Z>mMm3 5 O^gfT^ 2 4 2 % 
3 0 3 6 5 nm0®iBte«kSfg3fc&**m#ME«£ (x, y) = (0. 3 2 3, 
0. 3 3 5) t*r&ZLLifi-Ci*&%MmZtol 6 2%£tZ&o 

25 SH»il 3 6 . 

mMM4\Z&^T&^mUm^ (Sr 0 . 85 , Eu d . 05> Mn 0 . 10 ) 2 B s O 

9 c imytfct, ±mi.ED?-y7i<Dmmmz£Qmm'&izmyt-Tz>z\£tfvi 

MfSLS r 4 A i 14 0 25 : E u nft#£.Wm&ftWL-2tlXteZ>miG%LlZTmm'Ztl 
SEW*, «^i|4a:|W|#{cbT^^M^^'r ; 5>^> fi£J6**« (x, y) 
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= (0. 324, 0. 330) t)&:*fiW^5nS. M»tt2 0mA 
OBIIT3 0. 8 1m/W^5, Jt«E« 1 ©585tt»«* 1 0 0%tt5t4 0 
0 nm©®|jgfc«fc«>^JfiM3 6 ©3fc3fcMT?ttJl0 2 5 5 %«hte&o 3 6 5 nm© 
aSfc<fc*3B3fcMT«fi&j£*S (x, y) = (0. 3 2 8, 0. 3 3 3) t 
5 T5££rt^£f83te»a^**U 7 l%<h&5«, 
HJfi^J 3 7 . 

H»iJ 7 \Z$S\,*T&&mUMtf, (Ca 0 . 90 , Eu 0 . 05 , Mn 0 . 05 ) 2 B s O 

ftSrAl 2 0 4 : EufMt^S^t^nt^SMitTM^nS^ 
10 mMM7 t^ItbTMge*Mt5i« 6&JEfcK#* (x, y) = (0. 

3 2 0, 0. 3 2 7) <b&£ftW*#£>n&o t£fc$83feaMKJ42 OmACllT 

3 1.1 lm/WT&£o Jtttm ©SBWft* 1 0 0%tt§<t4 0 Onm© 
®je^«kS^Jfi0!l3 7«gfeiii2 4 0%tfj:§. 3 6 5 nmOffiCJ; 
^^^SiTfifilJiH: (x, y) = (0. 3 1 8, 0. 3 3 0) 

15 &~e%ftytnm\zm i5 8%^5. 

3 8 . 

$mmi 0lZ&\,^&&»M#ifi* (Ca 0 . 85 , Eu 0 . os , Mn 0 . 10 ) 2 B 5 
0 9 ClTOi^ ±IBLED^y^l©^I^fc«fcOW#feiC^T§eit^ 
nJf^S r 4 A 1 14 0 25 : E ui^^«^t$tlT^?.ifitTl^^ 
20 llS^tt, ^IJfi^Jl Otl^«lfcbT5S3tS«*^*rst, (x, 
y) = (0. 3 2 4, 0. 328) t^5fii^#6n5. Sfc»3B»*tt2 0 
mAO|giljT2 9. 8 1m/WT^5. Jfcfe^l 1 <£>B3W££ 1 0 0 % £~?Z> £ 

4 0 0 nm<omWz£Z> £1609 3 8 ®^gtt^ 2 3 9%£&5. 3 6 5 n 
m©igia§^gfT1iMJii^ (x, y) = (0. 3 2 4, 0. 3 2 9) 

25 trs^t^^ffcftjwmam 6 0%£&5. 

MffiM 3 9 . 

^WJl 4iZ&l*T&^mffitt&. (Sr 0 . oe. Ba,. 10l C a 0 . 20 . Eu 
o.os, Mn„.„ 5 ) 2 B 5 0 9 Cl«m m— ©^%MtbT±f3LED^ 
y^KOjajg^tckOillififc^-rsIlt^^S r A 1 2 0 4 : EuM 
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58^«*^t"«t, &&J@E«j&* (x, y) = (0. 3 2 0, 0. 3 2 7) <h 
fcSfiW**#£tt«. *fc5S5te«l*tt2 0mA©KSrr?3 1. 5 lm/WT££o 
Jfc$fc0!) 1 1 0 0%£~fZ>t4 0 0 nm<Dmmz&2>mifcM3 $ <D% 

5 ft&STttJ® 2 5 9 %£fcZ>o 3 6 5 nm©iiSl:«k558JtStttl6SISS 
(x, y) = (0. 3 2 0, 0. 3 2 8) Z. 1 6 9% 

4 o . 

^JEMl 7 fc*5V>Tfe^mgM5t^ (Sr, 65 , Ba 0 . 10 . Ca 0 . 20 , Eu 
10 cos. Mn 0 . 10 ) 2 B 5 0 9 Cli«, ^Ct^StbTilBLEDf 
y^l©i&^{Cj;D#ilifefC^-rsci<i:^W^S r 4 Al 14 0 25 :EuS 

T«3tj6«*»«*r*t» &«J&B?« (x, y) = (0. 3 1 9, 0. 3 3 0) 
CfilitSCi^TtS. ^«iW2 0mA©ilT3 0. 8 1m/W 
15 Jt**m ©SiBfcJra* 1 0 0%it5t4 0 0 nm<DmM\z£.Z>mMM 

4 0 ©SSSfcSflTrfcMQ 2 5 6%£&5. 3 6 5 nnKDSd^fc iSMSStttfi 
(x, y) = (0. 3 2 0, 0. 3 3 3) ^t^^t^T^^Sfi 
mi 6 7 %£&£o 
»I4 1. 

20 ^!»J8 (C^^T^m^W^ (Ca„. 94 , Eu 0 . 05 , Mn 0 . 01 ) 2 B s O 

znzmz&vmnznn&ft&ftXTzzttiinisj&te (y 0 . 08 Gd 0 . 2 0 0 ) > 
a i 5 o 12 : c e £ifim&ftnznTfc%mtt&i~TMj&zn&&M'*s $mm 
8tw\m\zVT&ytmm& : mf&-rz>t, &mmm* u, y > = (o. 325, 

25 0. 3 3 4) (D&mt-r&Z. tUtftftflbm* 2 0 mA©IiT 2 5. 
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14 2. 

HJi^4 1 IZ&^T, <D&yt&& (C a 0 . 64 . Ba 0 . 10 , Sr 0 . 20 , 

eu 0 . 50 . Mn 0 . 01 ) 2 b 5 o 9 c ix^^n-\tmmm4i tmm\zvxmyt 
mm^m-r^t. &mmm* u, y) = (o. 323, 0. 338) ttzz 

Sfc»M«2 OmA0llT2 5. 7 1m/WT$5. 

H«<l 4 3 . 

1 iC^ViT, (DMytfcff (C a 0 . 64 . Ba 0 , 10 , S r 0 . 2 o» 
Eu 0 . 50) Sn 0 . oi) 2 B b O,C lTf»5TOiHI«l4 1tllSCUT^ 
glS^t-St, (x, y) = (0. 3 2 3, 0. 3 3 8) t£z.Z> 

fii^fSns. *fcM$^2 OmA0»T2 3. 5 1 m/WT*^, 
^i«!]4 4. 

SIJg^4 l&l^T, (Omytfc-tfi (C a 0 . 64> Ba 0 . io. Sr 0 . 20 , E 
u 0 . so. Fe,. 01 ) 2 B 5 0 9 C 1 T**^tt«««4 1 tHfcfcbTfSftgl 
g£E»T££, fi«JS£*# (x, y) = (0. 3 2 2, 0. 3 3 3) 
I*«ll&n5. JfcMWi2 0mA©IlT2 4. 8 1m/Wl?$^ 

USS^il 4 5. 

HJB01I4 l&t^T, m— <D$kytfc& (C a 0 . 64 , Ba 0 . 10 , S r 0 . 20 , E 

u 0 . so. cr 0 . oi> 2 b 5 o 9 c ix&z>&.m*mia&m4 ltmmzvxmytm 

f S^tSi, figJSK* 1 (x, y) = (0. 3 2 4, 0. 3 3 5) £tZ.Z>& 
W*s#6tl*. ^fe^7 l 6^«2 OmAOlgibT? 2 3. 9 lm/Wt^5. 
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m * <d m m 

10 £ H £ *»«fc-rs«r*« 1 tB«©3Sft£fi. 

3 . m^m^mtm^t, ^mmm^ * 6 o nmi d 
ssrr s - 1 &#«£-r 1 2 mm.(omytmm 0 

flfiBgtffrl&KfcJu ^&<tfcMg. Ca, Ba, S r e>S&3*l£ 1 
ifMTtt^Sft^TCtfti:* 'M<tfeMn, Fe, Cr, Sn^6iiRSn*l 

20 Wfe5:<h^itt^«l. 
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fc£U M»Mg, Ca, Ba, Sr*6»R*n^ft<i , bli^ M' 
ttMn, Fe, Cr, Sn^6I^tl5^< tfeli^^U 0. 00 0 
l^x^O. 5, 0. 0 0 0 l^y^O. 5 7?**. M" ttF, C 1, Br, I 

Bo 

10. «ME«3WMlfcin*., Eu*fcttEu*J:m4nTrf*SUfcT;i'*U± 
gAP^ t >7/^'f hfiM ((Sr. Ca, B a, Mg, Z n) s (P0 4 ) 
3 (F, CI, Br, I):Eu, Mn), U ±IM7JV5 

mytfc (S r A 1 2 0 4 : Eu, Sr 4 Al 14 0 J5 :Eu (Mn), C a A 1 2 0 4 : 
Eu (Mn), BaMg 2 Al 16 0 27 :Eu, BaMg 2 Al 16 0 12 : Eu, M 
n, ^BaMgAl 10 O 17 :Eu (Mn), EuRtK/XttC r*C*HSan 
fcSmCaO-A 1 2 0 3 - S i 0 2 m^# <**W^ hrM* P«3fcWF>* 
M X S i y N z : Eu (fcfcb, MttMg, C a, B a, S r, Z n^SS&^tt 
S*J>fc<£fclS&WU z = 2/3x + 4/3ytto -feU#AT?*HS3 

a 2 0 2 S : Eu, Y 2 0 2 S : Eu, &J;tfGcI 2 0 2 S : Eu), EutfiS** 
&#St}fcffc ((Sr, Ca, Ba, Mg) 5 (P0 4 ) 3 C 1 : Eu, ZnS:C 
u, Zn 2 Ge0 4 :Mn, (Sr, Ca, B a. Mg) Ga 2 S 4 :Eu, *3«fctf 
(S r, Ca, Ba, Mg) 2 S i 5 N : Eu) *6«R*n*^ft<fc'bli 
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